Problems ofDiagnosis of Hearing Loss in the Young Child
Sensory testing presents peculiar difficulties, whatever the particular modality being investigated. There is no evidence of sensation directly available to the observer, who relies upon the subject's accurate co-operation to indicate quality and degree of sensation, or upon the integrity of certain reflex pathways, as in the corneal reflex. The evaluation of hearing function requires that there be a response to a sound stimulus, and that this response is observable. We can expect neither that the child will co-operate nor that his level of attention will remain uniform throughout the test. The nature of the diagnostic problem is revealed by comparing hearing ability with responsiveness. The intensity of the sound stimulus may be above or below threshold, indicated in Table 1 by hearing being present or absent respectively, and a response may or may not occur. Each of the four possible combinations shown occurs in clinical practice, and it is evident that the diagnosis may be incorrect in two separate ways. One may gain an erroneous impression of normal hearing, thereby missing partial or even severe hearing loss, or one may falsely diagnose deafness.
Responses Falsely Indicating Normal Hearing
Hearing tests in young children commonly employ free-field methods and failure to detect hearing loss may occur in a number of ways. Non-auditory response: A severe hearing loss can be missed because the child is responding to non-auditory stimuli, usually visual. The person conducting the hearing test, or his assistant, gives away information by which the highly perceptive child detects what is happening. Shadows, reflec-tions, glances, expressions, may give ample indication to the child that something is going on behind him, and he turns and looks.
Another error creeps in for the experienced tester who avoids these pitfalls. Well able to detect hearing response by subtle changes in the child's behaviour, posture or facial expression, he may falsely interpret random changes as evidence of hearing response. Partial hearing: Hearing loss may be moderate in degree across the frequency range, or confined largely to one end of this range, and may be missed for a variety ofreasons:
(1) Intensity: The tester may be unaware of the high intensity levels attained by some commonly used objects. Small bells and squeaker toys may reach 95 dB, and the over-rigorous rustling of cellophane paper may reach 70 dB at a distance of one foot. Children in whom there is partial loss of hearing are not infrequently regarded as hearing normally because they respond to these so-called quiet sounds. Use of the free-field audiometer normally excludes this source of error if the child responds to pure tones.
Clinical evaluation may be hampered by difficult behaviour. One characteristic form presents almost as a syndrome. The child who refuses to leave his mother's lap, holding tightly to her, apprehensive and tearfully resisting all advances, can be so difficult to assess that normal hearing is often assumed on circumstantial evidence. He talks at home but not in the presence of strangers and one may be misled into thinking that his behaviour has an underlying psychogenic cause. A uniform flat 50 dB loss is found sufficiently often in such children to necessitate assessment of hearing with considerable care. The behaviour is secondary to the child's inability to hear adlequately and to identify the unfamiliar spoech sounds of strangers. He becomes timid and withdrawn, relying on his mother who in a literal sense becomes his ears.
(2) Frequency: Loss of hearing for the higher frequencies is seen typically after perinatal jaundice or anoxia. In severe forms there may be no useful hearing above 500 Hz, yet because the hearing is virtually normal below this frequency the child can hear the low frequency components of sounds, including speech, without difficulty.
Since the majority of first formant frequencies of vowel sounds are in the area of residual hearing, and are characteristically of relatively high energy content, the child gives the impression that hearing is normal. He can hear much of what is said to him, but it is a low-pitched buzz, with little in the way of distinguishing features. Because they appear to have normal hearing but fail to comprehend speech, children with severe high-tone loss may be diagnosed as having receptive aphasia. Alternatively, the severe loss of intelligibility may be compensated by lip-reading, so that these children present with a particularly puzzling problem in diagnosis and may be missed until long after school entry. Lesser forms are still more difficult to detect, presenting with slight delay in the development of spoken language, a speech defect persisting despite years of devoted, if misguided, speech therapy and deterioration in performance at school. The management of such children is complicated by the certain conviction of parents and teachers that there is no hearing loss, in the face of audiometric proof to the contrary. They fail to appreciate the wide gap between the ability of a child to hear and identify a few carefully enunciated words, spoken one at a time, and the situation in a noisy classroom with the teacher talking in complex sentences to the class.
(3) Intermittent loss: The hearing loss accompanying secretory otitis media is usually slight or moderate in degree. Its consequence for the child who has a tenuous, imperfect grasp of spoken language is more severe than it would be for the older child or adult who has acquired an immense store of statistical knowledge about his mother tongue. There is little chance for the half-heard word to be guessed correctly and confusion results. Spontaneous resolution and subsequent recurrence of middle ear deafness complicates the picture, not only for the child but for parents and teachers. Unaware of the true nature of the problem they call him lazy or naughty because of his inattentive dullness and withdrawal. The susceptible child who has the misfortune to have normal hearing at the time of the routine school screening test may suffer prolonged mishandling before the true nature of his condition comes to light. Decision: It is a matter of everyday expenence that one ignores the great majority of sounds heard. One decides either to look or not to look for the source of a particular sound. Inhibition of this type can be demonstrated in the infant younger than 12 months old and the use of a number of different sounds may not overcome the child's firm decision not to respond any further. This problem of response and its correct evaluation continues until the child co-operats in the various forms of play audiometry. These rely on some form of conditioning procedure and simple free-field pure-tone audiometry can sometimes be performed on the child who has just reahd his second birthday. In other children it may be impossible to get an accurate audiogram until the age of 5 or 6 years, and an occasional adult shows similar difficulty.
Section ofOtology
Objective audiometry: The need for techniques which overcome the altered responsiveness of the patient has resulted in the elaboration of a variety of methods of testing hearing. The most objective so far developed is evoked response audiometry, in which changes in the electroencephalogram in response to a train of pure tone pulses is summated and rendered visible (Beagley & Knight 1967) . It is a highly reliable method of assessing hearing in adults and school age children, in whom alterations in responsiveness of the subject render accurate audiometry otherwise impossible. It can be used in younger children, but there is a less close correlation between the evoked response thresholds and actual hearing ability, especially in children under 2 years old. Its value for quantitative diagnosis is in those children who cannot readily be assessed by existing methods because of a high level of inhibition or non-cooperation, or in children with additional handicaps such as visual defect (Beagley 1970, personal communication) .
Localization
In some children tests of hearing are rendered difficult because the ability to locate sound is impaired. Localization is a complex phenomenon depending on certain physical characteristics of sound, neural organization within the brain stem, and maturation factors. Acoustical: Localization does not depend on one physical characteristic and the mechanism differs at certain points in the tonal range of human hearing. It is common to find that children have difficulty in locating the source of origin of the 4 kHz tone of the free-field audiometer. This provides clinical confirmation of experimental evidence summarized by Stevens & Davis (1938) that this region of the frequency range lies at the cross-over point of the two major mechanisms of identification of direction of sound source. The two ears, working together, are able to detect phase differences for low-pitched tones up to 800 Hz, above which there is increasing difficulty in detecting these differences because of the shortening wavelength. From 1 kHz upwards there is an increasing ability to locate tones by the difference in loudness between the two ears, due to the shadowing effect of the head on the ear farthest away from the sound source. In the 3 kHz region, where the transition between the two mechanisms occurs, each is relatively inefficient. Physiological: Impairment of the ability to localize may be due to failure of organization of auditory input at and above the cochlear nuclei so that comparisons of phase, time and loudness are not possible. Whitfield (1967) states that the superior olive is the first point at which binaural interaction is anatomically possible, and it is considered that the accessory nucleus of this complex is specially implicated. He concludes that any comparison between the outputs of the two accessory nuclei must take place before or at the inferior colliculi. The nature of the physiological process has been demonstrated experimentally by Hall (1964) . Nerve impulses arriving at the two-homed cells of the accessory olive have an excitatory effect from the contralateral ear, if initiated by clicks which are louder or earlier in time than impulses from the ipsilateral ear. Developmental: The ability to determine the source of a sound is not fully developed until some months after birth, and it passes through several stages (Sheridan 1968 , Murphy 1961 ). Initially, the child responds by a slight turning of his eyes, and later of his head as well, to sounds made at ear level. Later still he looks for sounds made below and finally to sounds above the plane of the ears. The nature and quality of the infant's hearing response as he searches for the origin of the sounds made in his vicinity provide information on his degree of maturity in similar fashion to the use of other milestones of development.
Hearing Disorder Localization has been considered at some length because it is the response upon which investigation of hearing relies heavily in childhood. It is not fully realized that failure to locate a test sound does not necessarily mean that the child has not heard. There may instead be a disturbance of function in the auditory pathways resulting in hearing disorder, seen in this instance as impairment of the ability to localize, rather than hearing loss. The distinction is important because it may be relevant to an understanding of children with abstruse disorders of comprehension of spoken language. Children in whom there is failure to develop verbal understanding, including some autistic children, may be exceptionally difficult to evaluate. Part of the picture of the autistic child's behaviour, described by Rutter and his associates (1967) , is failure to respond when called, and inability to understand what is said to him, so that deafness is frequently suspected. Evoked response audiometry may indicate profound deafness, yet prolonged and detailed clinical examination leaves one with a different impression. Five children in a personal series reveal this discrepancy, and none of them presents the picture characteristic of a severely deaf child. The discrepancy may arise from a form of misinterpretation similar to that discussed under localization. EEG audiometry records a response at the onset of the signal (and in the case of a prolonged sound stimulus, its cessation also). Absence of response does not necessarily mean that the sound has not been heard. Gersuni (1965) concludes from study of the electrical activity in the auditory pathways of the cat that the onset of signals, shown by synchronous cortical activity, can be disturbed whilst the discrimination of frequency and loudness remains. The gaps in our knowledge of what happens to the sound signal between its reception at the cochlea and transmission along the auditory nerve to its final arrival at the cortex, precludes an unequivocal diagnosis of deafness in all cases. There is need for a clinical measurement of activity in the lower levels of the auditory pathway, such as is being developed by Aran et al. (1969) in the electrocochleogram technique. If one's clinical impression of hearing ability is to receive objective support there would need to be evidence of electrical activity in the auditory nerve in association with absence of cortical response. It is reasonable to suggest that the difficulty experienced by the clinician is due to a discrepancy of this type.
Consideration of the physiology of hearing shows that there must be at least two distinct but closely interrelated components:
(1) End-organ reception and initial coding and transmission of the auditory sensation. Failure here results in sensorineural hearing loss from causes which are well recognized.
(2) Subsequent processing in the different parts of the brain stem and mesencephalon (and relay to the auditory cortex). Disorder may result from faulty genetic determination of the neural pathways, or from damage to the immature brain in utero or at birth. One of the consequences of a hearing disorder of this type, in addition to impairment of the ability to localize already postulated, would be that discrimination between different sounds is made imperfectly. Analysis of the complex structure of speech signals might be beyond the resolving power of the system, not only because of the intricate nature of the individual sounds but also because of the demands made upon the system for rapid processing before the next set ofsignals arrives.
It is a measure of the limitation of our competence that there is no procedure which will evaluate the individual's ability to recognize differences between the complex sounds of our everyday world, and in particular those of speech. This contrasts with the City of Exeter, which has a local authority of its own. Its problems are somewhat less as will be seen.
Scale of Work
The City of Exeter alone in 1969 had a school population of more than 13,500 children, and there were more than 700 of these under observation for deafness, temporary or permanent, at some time during that year. Further evidence of the scale of work is the sweep test carried out in that year of 1,300 5-year-olds. Outside Exeter, the catchment area totalled for the same year about 17,000-20,000 school children, and here the sweep test would take in 1,700 to 2,000 5-year-olds.
The City of Exeter and the county catchment area described each contains 30-35 children in ordinary schools who use hearing aids.
In the County of Devon as a whole, excluding the main urban authorities of Plymouth, Torbay and Exeter, the 5-year-old sweep test involves 6,000 children. This is an enormous task to be carried out in twelve months, in a widely spread population.
It will be realized that a very large part of otological care during education devolves upon local authorities and their school medical services. The difficulties entailed are influenced to a tremendous extent by communications and therefore by geography. I have the highest praise for the two local authorities with which I have much to do, that is Exeter Corporation and Devon County Council, particularly the latter. Both work under great difficulties aggravated by shortages of staff.
The schools medical services provide a splendid running review of known and new cases of deafness on which we very much rely.
